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ABSTRACT.Unthinned,pole-sizeloblolly pine (Pinus taeda
L.) plantationsin the SouthCarolina Piedmontwere burned
at differentseasonsunderminimalwind conditionsto evaluate
theeffectsof fire intensityon crownscorch. Needledrop, an
indicator of crown scorch, wassignificantly greateron areas
burnedwith medium-to high-intensityfires than on unburned
plots. There was a direct relation between bark char height,
beyonda thresholdvalueof3 fret, andcrownscorch.Scorched
needlesfrll within three week.~followingfire. Moderatecrown
scorchhad no detrimentaleffectson survival andgrowth of
treesin theuppercrownclasses.Completecrownscorchresulted
in the deathof 20 and30 percentof trees in thecodominant
andintermediatecrown classes,respectively.

Crown scorch of crop trees often results from
prescribed fires in pine plantations where~ flame
heights and/or convection heat becomes concen-
trated around the live crown. Variation in wind,
fuels, fuel moisture, and relative humidity make
crown scorch a common phenomenon even in
well-administered burns. Cooper and Altobellis
(1970) and Van Wagner (1970) report that crown
scorch, rather than damage to the cambium, is the
principal cause of mortality in pines after a fire.

Despite the frequency with which scorch occurs
and its importance to vigor, little work has been
done relating fire intensity to the degree of crown
scorch. Van Wagner (1973) found that the height
of scorching in the crown is a geometric function
of fire intensity in northern pines. He also stated
that only fires of low intensity are sure to cause
no crown scorch above 25 feet from the ground.
Villarrubia and Chambers (1978) found that crown
scorch was more severe in lower crown classes in
loblolly pine.

Storey and Merkel (1960) noted that degree of
crown scorch seems to be the best indicator of
potential mortality in longleaf (P. palustris) and
slash (P. elliottii) pines. Mature red (P. resinosa)and
white (P. strobus)pines have a 50-percent chance
of surviving the loss of three-quarters of their
foliage (Methven 1971). Villarrubia and Chambers
(1978) found little mortality in loblolly pines whose
crowns were almost completely scorched except
for foliage on branch tips. Trees with a slight
amount of crown scorch had significantly greater

diameter growth than unscorched trees, a fact
attributed to death of lowernoncontributing limbs.
Kimber (1978), working with 40-year-old euca-
lypts, also noted that scorchingof crowns increased
diameter growth. He concluded that scorching
regenerated a more efficient crown and reduced
seed production, thereby allowing increased
growth rates.

Air temperature in the crown generated by the
fire is a major factor determining the degree to
which pine needles become scorched. The tem-
perature reached at any height in the convection
column above a fire depends on the intensity of
the heat source, the ambient temperature, and the
wind speed (Van Wagner 1973). Lotti (1960) stated
that wind speeds of 1 to 7 miles per hour at breast
height in loblolly pine stands were sufficient to
carry heat through the stand at an oblique angle
which would reduce danger of crown scorch.

In this study, the relationship between fire in-
tensity, as indicated by height of bark char, and
crown scorch in young unthinned loblolly pine
plantations was evaluated. Patterns of needle drop
following prescribed fire were observed and mor-
tality and growth of trees in different crown classes
were related to degree of crown scorch.

MATERIALS AND METHODS

Plots were established in five loblolly pine plan-
tations on the Clemson University Experimental
Forest in a randomized complete block design to
relate fire intensity to crown scorching. Stands
were unthinned 17-year-old plantations on level
or gently sloping terrain. Density ranged from 827
to 1,012 trees per acre with basal area ranging
from 210 to 220 feet per acre. Average height of
all trees in each stand ranged from 62 to 69 feet
while the average height to the lowest live branch
of dominant and codominant trees was 25 feet. A
one-fifth acre plot was burned in each plantation
in June, August, and October of 1979. Tempera-
tures were in the lower 80’s for the June and
August burns and in the upper 60’s for the October
burn. For all burns, the relative humidity was
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between40 and 45 percent; wind speeds measured
outside the stand were 0 to 2 miles per hour.

Needledrop, an indicator of thedegree of crown
scorch, was observed after each burn. Twowooden
litter traps, 1 square yard in size, were randomly
located in each burned and control plot immedi-
ately after the fire. Control plots were located

~ within the same stand as the burned plots so that
differences in needle drop could be attributed to
fire rather than variations in precipitation, wind,
or season. Pine needles were collected from traps
in burned and control areas 1, 2, 3, 4, 6, and 8
weeks after each of the three fires. A split-plot
randomized complete block design was used to
detect weekly differences in needle drop between
burned and control plots. Treatments included
June, August, and October burns, and three con-
trols, i.e., one for each burn. All treatments were
replicated in each of the five plantations, while
time since burning was used as a subplot effect.

Differences in fuel conditions and season of
burning resulted in variation in fire behavior
within and among plots making it possible to relate
bark char height to needle drop. Average bark

char height on four or more trees closest to each
litter trap was used as an indicator of the intensity
of the fire in the immediate area of the trap. Fire
intensity associated with each trap was categorized
as unburned, low (bark char height of 3 feet or
less), medium (4 to 6 feet), or high (over 6 feet).
These categories represent fire intensities of 0, 1
to 90, 91 or235, and over 235 BTU per second per
foot, respectively, as estimated by Byram’s fire
intensity-flame length relationship (cited in Brown
and Davis 1973).

To adjust for differences in needle drop due to
season, precipitation, or rainfall, the average
weight of needles that fell in the unburned control
areas after each burn was subtracted from the
weight of needles that fell in each trap of the
corresponding burned areas. The average differ-
ence in needle drop was then determined for each
bark char height by 1-foot increments.

In the summer of 1980, one year after the first
burn, a survey was conducted to determine the
mortality rate of trees with various degrees of
crown scorch in each crown class. Visual estimates
of five categories of crown scorch were used as
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suggested by Villarrubia and Chambers (1978).
These were: (1) no crown scorch; (2) less than one-
third of the needles entirely scorched from fascicle
to tip; (3) one-third to two-thirds of needles
scorched; (4) all needles scorched, and (5) all
needles and branch tips scorched. Ten trees in
each crown class-crown scorch category were ran-
domly selected and tallied as being alive or dead.
Crown classwas definedaccording to Smith (1962).

After the 1980 growing season, 25 cores were
extracted from dominant and codominant trees in
areas burned at each of the four fire intensities.
The width of the last two growth rings was meas-
ured to determine diameter growth for the 1979
and 1980 growing seasons. Analysis of covariance
was used to determine if fire intensity affected
diameter growth of surviving trees in the growing
season following the fire. Diameter growth for the
year before burning was the covariable used to
adjust for inherent differences in growth rate
among trees.

RESULTS

Average char height for the June burn was 5.5
feet. Differences in the amount of needle drop
betweenburned and control plots occurred during
and after the second week (Figure 1). Scorched
needles remained on the tree for at least 1 week
with the majority falling by the end of the second
week. Needle drop was significantly higher on
burned plots than controls through the third week,
after which no differences were detected. Esti-
mates of needle drop differences are conservative
because some cast needles may have been caught
in the canopy.

The pattern of needle drop was similar for the
August burn, which had an average char height
of 5.7 feet. Scorched needles began dropping in
the burned plots by the end of the first week, and
needle drop remained significantly higher than
controls through the third week (Figure 2). Peaks
in both lines during the third week are attributed

Figure 2. Needledrop patternsfor burnedand control plotsfollowing an Augustfire.
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to high rainfall during that week (in excess of 4.5
inches). For the remainder ofthe collection period,
no differences in needle drop occurred.

Significant differences in needle drop did not
occur following the October burn (Figure 3). The
average char height for this burn was only 2.2
feet. Crown scorching was not observed, indicating
that needle drop was from natural mortality and
abcission. Since needle drop in control areas par-
alleled that of burned areas, increased needle drop
toward the end of this collection period was attrib-
uted to the onset of dormancy rather than scorch-
ing.

Needle drop was markedly affected by fire in-
tensity (Figure 4). Needle drop for the first three
weeks after burning appears to be the best indi-
cator of crown scorch since this is when the ma-
jority of the scorched needles fell. During this
period, there was little difference in the amount
of needle drop in the control areas and in areas
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that had an average char height of 3 feet or less.
This difference increased dramatically in areas
where bark char ranged between 4 and 7 feet,
indicating a significant increase in crown scorch.
Needle drop also increased significantly in areas
where bark char averaged 8 and 9 feet but the
difference wasnot as dramatic. Reduced quantities
of needles collected in these areas are probably
due to scorched needles being carried away im-
mediately in the convection column and immediate
consumption of needles on the lower limbs by the
fire. Both of these phenomena were observed but
could not be quantified.

Since the crown canopies of all five plantations
were completely closed, suppressed trees could not
receive direct sunlight and were obviously in a
declining state of vigor. This made determination
of the effect of crown scorching possible for only
the intermediate, codominant, and dominant
crown classes. Mortality in these crown classes was

bark char:2.2 feet,
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Figure 3. Needledrop patternsfor burnedand control plotsfollowing an Octoberfire.
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Figure 4. Bark char height andfire intensityvs. needledrop three weeksafter burning. Samplesizefor each
bark char height indicated.

low, being observed in only the intermediate crown
class and in completely scorched codominants
(Table 1).

Fire intensity had no effect on diameter growth
of dominant and codominant trees for the year
following burning. Postburn diameter growth

Table 1. Mortality rates (percent) of various crown
classes one year after being subjected to various
degrees of crown scorch.

Crown class

Crown scorch category1

0 1 2 3 4

Intermediate 0 0 0 20 30
Codominant 0 0 0 0 20
Dominant 0 0 0 0 0

1
nearly equalled preburn growth for low and me-
dium intensity burns. However, the lowest post-
burn diameter growth did occur where fire inten-
sity, and therefore crown scorch, was greatest.
Diameter growth in these areas the year after
burning was only 0.39 inches. Although not sig-

Table 2. Mean diameter growth per year of lob-
buy pines during the preburn and postburn’ sea-
sons.

1 Postburn means are adjusted for initial growth differences.
Low = bark char height of 3 feet or less.
Medium = bark char height of 4 to 6 feet.
High bark char height of over 6 feet.

1 Crown scorch categories: 0 =

1=

90 235

BTU/SEC/FT,

U, 4fl U,
MA MI MA
MA MI MI U, U, U, U, U, U,

— MI MI MI MI MA

I-. ~- I.. MI MI MI MI MI

N —
— — I— A— A--

o

no crown scorch
less than 1A of crown scorched.

2 ~/3 to 2h of crown scorched.
3 all but tips of branches scorched.
4 = complete crown scorch.
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nificantly different, this was lower than the growth
for the previous year (0.42 inches).

DISCUSSION

Fires of medium intensity in young, unthinned
loblolly pine plantations increased needle drop, a
measure of crown scorch, when burning was done
in the spring and summer under minimal wind
conditions. In contrast, low-intensity fires (bark
char height of 3 feet or less) had no effect on
needle drop. These findings agree with those of
Van Wagner (1973), who concluded that low-in-
tensity fires in red pine should not scorch needles
26 feet or more above the ground. Crown scorch
was directly related to fire intensity for bark char
heights averaging 4 feet and above in these plan-
tations. If lower branches had been present, the
needles on them may have been scorched by low-
intensity fires.

The use of needle cast as a method of quanti-
fying crown scorch may be less valuable in. areas
that have been burned at high fire intensities.
Direct consumption of the needles by the fire or
loss of needles in the convection column reduce
the amount of needles falling into litter traps below
the scorched trees.

Some crown scorch is apparently not detrimental
to survival and growth of young pole-size loblolly
pine. There was no mortality in either the domi-
nant or codominant crown classes, except where
codominant trees were completely scorched (all
needles and branch tips scorched). Dominant trees
that were completely scorched did not die. Diam-
eter growth of trees subjected to even high-inten-
sity flames was not significantly affected in the
year following burning.

These results may be of practical importance
when conducting prescribed fires in pole-size lob-
lolly pine plantations. Low-intensity fires are rel-

atively safe in terms of causing crown scorch even
under minimal wind conditions. However, if a
more intense fire is needed to achieve the goals of
the prescription, fires of medium intensity may be
used. Such fires may cause crown scorch, but
generally will not reduce tree survival or growth
rates.
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